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Part of an AFGL payload flown on the Sl’S-4 mission consisted of experiments 
to measure in-situ electric fields, electron densities, and vehicle charging. 

During this flight some 11 hours of data were acquired ranging from 5 minute snap- 
shots up to continuous half-orbits. These experiments are described and results 
presented for such vehicle induced events as a main engine burn, thruster firings 
and water dumps in addition to undisturbed periods. The main characteristic of 
all the vehicle induced events is shown to be an enhancement in the low frequency 
noise (less than £ KH z), in both the electrostatic and electron irregularity (a N/N) 
spectra. 

The "non-event" results indicate that the electrostatic broadband emissions show 
a white noise characteristic in the low frequency range up to 2 KHz at an amplitude 
of 10 db above the shuttle- design specification limit, falling below that limit 
above 10 KHz. The vehicle potential remained within the range of -3 to +1 volt 
throughout the flight which exhibits normal behavior for a satellite in a low 
equatorial orbit. The measured electron densities and temperatures are compared- 
with the International Reference Ionosphere showing measured densities somewhat 
lower (up to a factor of 10) and temperatures higher (up to 400° K) than the refer- 
ence model. 


INTRODUCTION 


The objective of this experiment is to characterize the electrical interaction 
of the shuttle with its environment. This report describes the experiment and 

its operation through a shuttle mission during which the instrument functioned 

normally and acquired 11.3 hours of data. 


DESCRIPTION OF EXPERIMENT 


The electric field experiment consists of a 1.575 meter dipole, illustrated 
schematically in Figure 1 as sensors A] and A 2 mounted along the orbiter X axis. 
These sensors are 2 1/4" diameter aluminum spheres mounted on 10" long booms on 
the equipment pallet which is mounted 16" above the trunnion fixture on the right 
hand (+ y) side of the cargo bay. This puts the sensors at a height of 22.5" 
above the edge of the cargo bay door 70" inboard. This geometry is such that when 
the shuttle attitude is right wing forward (+y into velocity vector), then any 
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roll angle from -18*5? to + 158° wi4l present the sensors with a clear view of 
positive ion flow. 

The spheres are roughened to guarantee good adhesion and are coatea with a 
graphite material, to ensure a uniform surface and constant work function. To 
obtain the electric field component along the dipole axis, the difference in 
potential between spheres A] and Aj> are measured with circuitry having a much 
higher input impedance than the resistance between the spheres through the plasma. 
This potential difference is input to Telemetry at two sensitivity levels, one a 
factor of five more sensitive than the other. In addition this potential differ- 
ence is fed to two swept frequency receivers, sweeping simultaneously over the 
frequency ranges 0 to 66 KHz and 0 to 5 MHz in an eight second period. Details 
of the different measurements, sensitivies, sampling rates, etc., are given in 
Table 1. The amplifiers were calibrated by superimposing spikes, at known fre- 
quencies, on the signals for one eight second sweep 504 secs after instrument 
turn-on and at 520 second intervals thereafter. To obtain the required 5 MHz 
response it was necessary to situate pre-amplifiers as near the sensors as possible 
which resulted in this circuitry being located inside the sensor supporting 
booms attached directly to the sensor. Because it was critical that the temper- 
ature of these elements not exceed 60?C when operating, a temperature sensor was 
co-located with this circuitry in. one of the booms (Aj) and was closely monitored 
during the mission. 

In order to measure the state of charging of the vehicle with respect to the 
local plasma the potential of A] was also measured w-ith respect to the spacecraft 
skin (ground), thus giving the spacecraft potential with respect to the plasma 
at the two points A-| and A;? (separated by 1 1/2 meters). Because almost the 
whole spacecraft is electrically isolated from the surrounding plasma by the 
thermal tiles, leaving the engine thruster nozzles as the only conducting surface 
by which the spacecraft potential can. anchor itself to the plasma, it would be 
expected that the spacecraft potential would vary substantially. This was indeed 
found to be the case on STS-3 (ref. 1). In order to make vehicle potential 
variations of more than a few volts less likely, another experimenter (NRL-802) 
provided a "ground plane" of 1/3 square meter area mounted in the shuttle X Z 
plane approximately 70 cms in the -Y direction from the dipole axis, see Figure 
1. This surface is connected to spacecraft ground and is effective in stabilizing 
the vehicle potential when the ion flow is normal to the surface, i.e. , when the 
vehicle velocity vector is in the spacecraft +Y direction. 

The second part of this experiment is the Electron Density sensor which is 
mounted midway between the electric field sensors (B, Figure 1) and offset inboard 
from the dipole axis by 10 cms. This sensor consists of a gridded sphere 2 1/4" 
in diameter with an open/surface ratio of 0.6 mounted concentric with a 1 3/4" 
diameter collector. The two elements are gold plated to reduce work function 
potential differences between the surfaces. The inner sphere is biased at +20 
volts with respect to the outer sphere, which voltage is sufficient to collect 
all electrons of energies below 30.625 eV which enter the outer grid and to 
reject all ions with energies below 20 eV. that is all ions below mass 65AMU 
moving with the ram velocity (7.7 Kn sec”') which includes the dominant iono* 
spheric ions. Thus, the sensor filters out, and collects the current due to 
only electrons, which is then input to a logarithmic electrometer measuring in 
the current range 10" 9 through 10”^ amps. The output is fed to telemetry 
and to an A.C. amplifier with a gain of 40, then through a bank of eight filters 
to telemetry giving outputs which measure the electron density irregularities A N/N. 
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The potential on the outer grid of the sensor with respect to ground is 
programmed to operate 50% of the time as a Langmuir prohe where the voltage is 
varied linearly as a function of time, and 50% in a Irreqularity measurement 
mode whore the voltage is kept constant*. This programming is depicted in the 
lower part of Figure ? where the upper part shows in a block format the signal 
processing system* To obtain density, temperature and vehicle potential from 
the Langmuir probe operation it is necessary that the probe be swept through the 
locaJ plasma potential. To allow- for the possibility of the vehicle potential 
being anywhere in the range of -20 to +4 volts, the +_ 4 volt sweep was applied 
with respect to a bias voltage which was stepped at tT4 sec Intervals through 0, 
+4, +8 and +16 volts. 

This operation was controlled with an internal timer, synchronized to the 
telemetry frame rate through a 100 Hz clock, and recycled every 256 sees when a 
timer reset pulse was transmitted to telemetry. 


EXPERIMENT PERFORMANCE 


Table 2 summarizes the vehicle history and the amount of data acquired in 
each vehicle attitude. The experiment was commanded on and off by command sequences 
that were capable of operating for roughly 24 hours before they required updating. 
This system worked quite well but had the disadvantage that last minute changes 
in the astronauts schedule caused planned events to be missed. For example, it 
was important to obtain background EMI data with the payload bay doors, closed, 
thus shutting out the environmental noise. This event was missed completely 
because of difficulties encountered on the first closure attempt. 

Much of the data was acquired in 5 minute "snapshots", longer operating 
periods were more desirable of course, and were obtained mostly in the gravity 
gradient and bay-to-earth attitudes. The two longest periods were of 45 minute 
duration in the bay-to-earth attitude. 

In Figure 3a and 3b are shown the temperatures of the electronics package 
(A452) and the E-field sensor boom A1 (T808) respectively, on 3a is also indicated 
the vehicle attitude. The payload by doors were opened at Mission Elapsed Time 
(MET) = 7,305 secs which was 94 minutes prior to the first data acquisition at 
Revolution (Orbit) number 3.6 when the electronics package and boom were at 
approximately room temperature of 20 °C. Thereafter the electronics cooled to 
near zero by REV where it remained for the rest of the mission. The excursions 
up to 1 1 °C and 17°C can be seen to coincide with the two Bay-to-Sun (- ZSI) 
periods. In general, the electronics package temperature increased, as expected, 
as a function of "on" time except from MET = 170,000 through 200,000 where the 
pallet was cooling faster than the electronics warmed up. On the other hand, in 
Figure 3b, the booms being thermally isolated from the pallet experienced wider 
temperature oscillations ranging from + 30°C in Bay-to-Sun periods down to -40°C 
at night when the cargo bay faced away from the earth. Thus, the temperature 
seen on the booms depends solely on the sun/shadow situations. 


EXPERIMENT RESULTS 

Vehicle changing for the entire mission will be discussed, then tvoical Ac 

““ rV ‘0 s"uttle specifications for broldband 

!?if h! n5 ’ 'inally, electron densities-and temperatures for a 45 minute period 
will be compared to an ionospheric model. r oq 

Vehicle Charging 

s i\ ow ?^ he re ? u ! t Pitting 64 second averages of vehicle potential 
for almost all (the period from MET = 13,000 through 90,000 secs was accidents 
omitted) the periods when the instrument was operational during the mission It 

^tcal S f e or"a sft e n1 t Hra , 1 ,eVe ’ \ bet T" ' 3 and *' -olts.lhfch Jalues are 
energy is of the order If ' ° rbn Where - the avera9e c,ectron 

Comparing figure 4 with the vehicle attitudes shown on Figure 3a it Can be 

S l en that the hl . 9h va1ue of +U0 volts at MET * 163,000 secs coincides 

i*nst r ument ^nal ipt ° [h *1 ^ 1 d *h where P^oto-electron emissions from the 
P ! - ^ (but not. the reference plane, which is edge-on to the sun) 

setrne^ e MFT nC ?fin P nnn t1Ve W1t l! resp ® ct t0 the reference plane. The three data 
M ^ T ? 6 ?: 000 secs » whe C e the vehicle potential approaches -4 volts 
e e taken ln a bottom-to-sun attitude (+ ZSI) during night-time conditions. 

The more extreme variations, seen on the lower panel of Figure 4 (MET > 310 oon 

td LTHJr v# ?‘f t0 * ,’- e all taken daring tdUo-su? 

w nnn XSI ). The positive values around MET = 317,000 secs and at MET = 
352,000 secs are identified with the tail pointing into the-velocity vector 
where the ram ion flow coupled with with a low photo-electron emission produces 
a ' ,„r it,,e char f • .?• >°“ on the other hand, elg!. near NET = 

thn’lnS fi CS ’ d [ e ,dent ' f ,ed “' tl ' periods when the sensors and cargo bay are in 
the ion flow wake region. y y 

Broad Band EMI 

6 J* , s S2 w a typical electric field power spectrum showing the 

dlfi I? d ? '“i™ MHz as a fu " ca ’°" of frequency on a logarithmic scale. The 
?JL* L™" , tbe 'ow frequency sweep (0 - 60 KHz) is represented by squares and 
th 9h fre 0 ,je "cy sweep (0 - 5 MHz) as triangles, the lower limits 
or these measurements are 122 db and 107 db respectively. Shown also on this 

anTrh/n 6 i he , maxinnjni shuttle-produced broad band noise limit (Design spec max) 
dl*L e f ayl0 f d des ? 9 " specification, this latter is a specification for Mvload 
design whose limit is only given above 10 KHz whereas the former is based P on 
ground shuttle measurements made by SAIL. It can be seen that below 10 KH? th« 

*%s L°/ S be ]0 °i s ;sr?rj^or^ii? x srr' 

1.019 Km/sec, thus a vehicle Mach Number of 7.5. ' 

Other features to note on this figure are the line emissions at 37 5 kh 7 
and the noise enhancements in the frequency range of 200 KHz to 5 MHz The 
former is probably due to a DC/DC converter on the pallet whicS line ias also 
seen cm ground integration tests, the Utter are probably genuine pi as™ fissions 
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since they occur in the frequency range of the plasma frequency (900 KHz - 9 
MHz) and the electron gyro frequency (840 KHz). 

Model Comparison- 

Comparison of measured electron densities and electron temperature with the 

International Reference Ionosphere (IRL) are shown in Figure 6 comprising of 

some 45 minutes of data taken on Rev //2 4. 6. The IRI model is shown as Solid 
lines and the measured data as points with vertical error bars. These data 
result from analysis of the Langmuir probe mode of operation of the electrons 
sensor where each 8 second interval results in two points, one from the upsweep 
(-4 to +4 volts) and one four- seconds later from the downsweep (+4 to -4 volts). 
Because of a well-known hysteresis effect, where electrons accumulate on the 
outer grid giving an effective grid potential offset from the applied potential, 
the deduced densities and temperatures differ slightly. In each successive 256 
second period only the first 128 seconds gave usable Langmuir probe data, the 
+8 and +16 volt biases applied at 128 and 196 seconds, respectively produced 
near^saturation currents. 

Comparing the model and measured densities in Figure 6a it is seen that the 
measured values are lower by up to a factor of 10. On the other hand, the measured 
temperatures in Figure 6b are in general higher than the model. These differences 
are explained by the fact that the electron sensor is located In the cargo bav 
hence, embedded in the vehicle sheath. If the balance of the sheath has only a 
net negative charge with respect to the ambient plasma of only a few hundreths 
of a volt, then a fraction of the lowest energy ambient electrons will be unable 
to reach the sensor location thus giving the low observed densities and high 
observed temperatures. 


VEHICLE INDUCED EFFECTS 


The following three sections describe the effects of a main engine burn, 
vernier thruster firings and a water dump. 

OMS-4 Burn 

Figure 7 represent data taken during the fourth burn of the OMS motor, 
ignition occurred at MET = 18,852.4 secs for a 30 sec burn durations. On the 
time scale of Figure 7a the burn starts at 169 seconds and ends at 199 seconds. 

On the upper panel is shown the plasma potential with respect to the veh-icle 
that is, the potential of the A1 sensor on a scale of -9 to +9 volts. The vehicle 
potential (with respect to the plasma) is the measured quantity with reversed 

sign thus it can be seen that prior to 170 seconds the vehicle potential is -0.Z 

volts. The second panel shows the potential difference between the electric 
field sensors on a scale of -2 to +2 volts,- and the third panel is the 
same quantity on a ten times larger scale. The electric field is obtained by 
dividing this voltage by 1.575 (dipole separation distance in meters) and qives 
the component in the -x (nose-to-tai 1 ) direction. Thus, it can be seen that 
the electric field varies from 160 mV/m at time 0 seconds to zero at 256 seconds. 

A small electric field component along the Shuttle X-axis is expected here 
because the vehicle is flying in an "aeroplane" attitude (zero pitch and zero 
yaw) to increase the orbital altitude during the motor burn. The dominant 
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»ode ddU are shown occurring at e.en 1 slconS i„ter-«ls" V C<mStant volta,Je 

are ^nrretarted! r ir64^e?onds S when d thrbias^rstl S Tf ,0 “-” hei " e the electron: 
the current increases over four orders 0 fm™,f,uA PP<!d (rm Jer0 t0 ♦« volts 
to a voltage where the electrons a™ because »e have now shifted 

vehicle potential* fran the top paneT aTf^Tlu ff™T; Readlng tbe 
moved the sensor potential from - 0 7 voltc%p ?^ S o 11 ,f n b ® seen that we have 
plasma at 64 seconds At i?ft CO r nn l f c° s t0 4 ^»3 vo ] ts wth respect to the 
4 volts to + 7.3 volts with respect to th/lvi^ pot ® nt J al is stepped up another 
current of 1.363 x 10-4 amps is ? aLLtVlacted" 1 * Th* n® a,nplif1er saturation 
bias at 156 seconds now saturates S amplff^?! ^ fl0a1 Step t0 16 volts 

potential 1 initially swlng^neglti ve^v almost 6 ^^ it At /!? t0r i9nUio " the vehicle 
seconds, returns to its pre”£ftSn Jalue of n°] tS i 1 * ncreases > a t 169 

seconds ^^Thts » potSl ~ ^%9 

%Z.T \ £ « - ~d 

sensor potential causes T current reduct io^ of tl J e " e9 f ive ««ursion of 
apparently takes the sensor potential to ™ro or slfahM^h"? 9 " 1 ^** j * e * a 
Since the sensor potential prior to motor" Ignition ifJ *7 ,asma Potential*- 

of some - 7*5 volts would be nprpc<sa™ fn + 7 * 3 volts an excursion 

10“ 7 amps. An alternative explanation is thai^mn^ 6 censor current to the observed 
increase in pressure in t-ho iL,i t10 ? s tbat m ? tor ignition causes a sudden 

sheath condition. This hiatus interrupts the nrA e lla , n9es ttle elec trical vehicle 
and could also possibly explain the f,0 ". 0f electrons to the sensor 

seen as a negative excursion of approximately' 7.1 loUs'iTll iVl69 , i h ec C onisi° tent1a ' ' 

in the^lclilectrlc^fefd^but 'a'very^roarent f i9Ure ^ A, ' A2 ’ “ e see n0 cha "3 e 
volts to 0.5 volts peak to n«L MS/f u" 1 ^crease in noise from 0.2 
This increase in "noise" can be seen 1 ^ 6 thro y 9hout the 30 Second burn period. 
Figures 7b and "c .There the specfra are' ‘ e upper t "° F a "els in 
scans 7c before motor ianitinn anw 7 h w e . own 5°! ^ 0 ? uccesiv e frequency 

occurs at 1.2 seconds on 7b the^ vertical scaled /?>r l ° Wi ? 9 igr l ition * l9nition 
E 2 measured in v 2 /m 2 Hz and fhi cnf-V lca u sca1 5 ls Proport wnal to the log of 

swept linearly as a func?ton of ' r"°* the reCeiver fra ^ency being 9 
either side of the^ ^0 ^ KHz poL!u\ ? m P 1itude a ^ 5 KHz on 

value an order of magnitude hiaher i-hln fh 6n t l! at 19n1t1on Produces a noise 
again an order of IgnUude higher than thf i U ? Seque P t burn " oi *e, which is 
the 0 KHz peaks it is seen that this noisp p C 1or , t ° burn. By comparing 

Again, a probable explanation for this d i °? ^ < 1 . Kriz ^ f, ' e 9uency. 
local pressure increase with Cr ? ased a1ec ^ostatic noise is a large 

noise and the A N/N enhancements are due^o p ° ssib1 lit; y f hat the electrostatic 
through the plasma. are due to tbe P r °P a 9 a tion of a sound wave 
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Thruster Firings 

Of the 44 thrusters that make up the ^ the 

Xs S-Ee will discuss. Two are situated in. the nose and four, two left and 
two right, on the engine pod just above the trailing edges of tb ® 0 

these-six vernier-thrusters those in front produced no discernable . . 

those on. the left small perturbations and those on the right large effects with 
the thruster firing down producing larger fluctuations than the one thrusting to 
thf Moht The reason for this difference is probably that the right aileron 
could. iVleft in aTorizontil position deflect part of tbe thruster plume upwards 
towards the starboard cargo bay area where the instruments were located. 

The thruster firing effects are shown in Figure 8 with a tin* history of 
firinas shown in table 3. During this acquisiton period the vehicle was in a 
bay-to-sun attitude with, the right wing (+Y) pointing into the v ®^ oc ^^ e ^° r i 
(approximately eastward). The local time is near midnight js 

facing the earth and again the measured component of the V x B electric field is 
«;rnall (Al - A21 on Figure 8a. The total thruster firing period of 12.88 seconds 
commencing at 184.58 seconds is shown in the upper panel of Figures 8a, b ’J^ c * 

It can be seen that the effects are barely discernible on either vehicle potential 
ml or D C electric field (A1 - A2),. but produce a factor of ten decrease in. 
the electron current? This current response cuts off at 192 seconds due to the 
sensor switching into the Langmuir probe mode of operation, we will return to 

this later. 

The outputs from the eight A N/N. filters are shown in Figures ^ and 8c on 
the same time scale -as 8a with again the thruster firing indicator in the top 
panel.. The vertical scale is logarithmic extending rrom -0.1 to +4.9 with 0 
heina eauivalent to 0% value of a N/N and b corresponding to 186/. A N/N. The 
Ur Se osci 1 1 ations°up to 64 seconds, the smaller oscillations up to 128 seconds, 
and the large negative going vertical spikes thereafter are due to switching 
and out of the Langmuir probe mode of operation. An explanation J f R tb ® 

spikes discernible on dll the filter outputs at a . ‘ f L^”*}t°I s ^rta«s a 
which come and go throughout the mission has not been found. It is perhaps a 

cycling time of another experiment or a payload switching operation, this 
being investigated. The general signal level is the quantity to note. It can 
also 9 be seen that the signal level is depressed for frequencies greater than 100 
Sz in the first 64 seconds. This is due to the roll-off in frequency response 
of the logarithmic amplifier above 100 Hz at the lowest current level of 10 
amns which is the current level indicated on the lower panel of Figure 8 a. 

The thruster firing effect can be seen starting at 134.6 seconds and extending 
through 194 seconds, coinciding exactly with the right thruster ^nng times 
listed in table 4. No effects are discernible either from the front left firings 
nor at termination of the front right Operation at 197.5 seconds. The right 
thruster produces an increase in A N/N from 0.5% to 1.6% at 30 Hz, decreasing 
to zero effect at 500 Hz where a N/N = 1.6%, changing to a suppression with 
increasing frequency to a maximum of a depression in AN/N from 5 a> to u.b*. 

An even more dramatic effect of the decrease in noise due to thruster operation 
can be seen in the Figure 8d through 8g which shows a series of four consecutive 
soectra from the A.C. electric field outputs. The panel format is the same as 
in Figure 8 (b and cj. These figures show in the third panel the current decrease 
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at the firing start in 8e at 0.2 seconds and then return to its initial value at 
1.7 seconds in 8f coincident with the right thruster firing end- Note the almost 
complete suppression- of all frequencies greater than 12 KHz in the top two panels 
of Figure 8e as compared with-Bd^f or g, the reduction in- electrostatic noise 
above 3 KHz and the small increase at frequencies below 2 KHz.- These effects 
are very similar to those observed by the Plasma Diagnostic Package* on STS-3, 
and offer a possible explanation in terms of a local pressure increase. caused by 
gases emitted from the starboard-thruster. 

Water. Dump 

A water dump occurred on Rev- #33.6 commencing at MET * 17-5864.84 seconds 
the effects of which are shown in Figure 9. At this time the vehicle was in a 
tail-to-sun attitude and was-just crossing the terminator from day to night 
which puts the shuttle in an "aeroplane" attitude with the cargo bay facing away 
from the earth and the electric field dipole aligned with the velocity vector 
hence a zero V x B electric field component. 

The water dump start is shown in the upper panel of Figure 9a at 181.4 
seconds and continuing through 256 seconds. The vehicle potential decreases by 
a very small amount -0.2 volts (A1 increases), the D.C. electric field (AI-A2) 
remains unchanged but the noise increases from 0.1 volts peak to peak to 0.15 
volts and the electron density which has been steadily decreasing, increases at 
the start of the dump by some 10% but sustains the same rate of decrease during 
the water dump as before. 

Looking at the A N/M data in Figures 9b and 9c we see a progressive enhance- 
ment of A N/N from 30 Hz. up to 503 Hz during the water dump which then decreases 
back to zero effect at the highest frequency of 7.830 KHz. Figures 9d and 9e 
show the electrostatic frequency spectra before and after the water dump start 
the only difference to be noted in the slight filling in- around 0 KHz on the low 
frequency spectrum on 9e compared to 9d. This indicates that the increase in 
noise on (A1-A2) in Figure 9a occurs at frequencies less than 2 KHz. The explan- 
ation for these measurements is probably the presence of eater droplets charged 
by triboelectric effects and a local increase in pressure. 

CONCLUSIONS 


1. There exist electrostatic noise at frequencies below 10 KHz generated 
by body motion at about 135 db V/ in MHz amplitude which propagate to the sensor 
location in the cargo bay. 

2. At OMS ignition a large pressure wave is generated for 3/10 second which 
shields the cargo bay area from the environment. 

3. The OMS burn and thruster firings produce acoustic noise detected by 
its electric field and aN/N effects in addition the local pressure increase 
produced by starboard thruster reduce the electron density by a factor of 10. 

4. Ambient plasma measurements of electron density, irregularities, temper- 
ature and electrostatic waves are possible in the cargo bay provided that the 
shuttle attitude is correct and that appropriate exposure factor corrections are 
made. 


5. Measured vehicle potentials were typical of a satellite in low earth 
orbit ranging in value from -3 to +1 -volts with typical values of around -1 volt 
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I • Electric field Sensor 


UIPULE LENIUH = 1*5 75 meters 


Measurement 

Kanye 

Sensitivity 

Sample Kate 

a) I’rohe I’otenf ijl (Al ) 
l>) t-Fleld LO (IK) 

c) E-Held III (UC) 

d ) E-Held III (At) 

o) E-Held III 

- . 

-H»ioc to ♦ 0.494 volts 
-1.059 to ♦1.104. V/ in 
-1061 to -628 iiV/m 
0 to 06 KHz 
209 Hz/ sample 
0 to 4.991 MHz 
I4.68U Kllz/sample 

____ 1 

i 33 mV 
+ 1 mV /m 

+ IhV/hi 
ID - 11.58/ t0 
lll"4» I96,,2^„|2^|| 2 
tU - 3 4.664 

|U-^6/8 V 2/ nl 2/|| z 

25/sec 

25/sec 

25/sec 

5U/sec 

5U/sec 

2 » Electron Density Sensor 



CULLECI ION AREA * 1*026 x 

10- 2 hi 2 


measurement j 

Kanye 

Sensitivity 

Sample Kate 

a) E 1 ectron Dens i ty 

b) Electron temperature 

c) Vehicle Potential 
tl) AM/M 

15 to 2 x I(j5 c«r3 
100 to I00,000°K 
-20 to *4 v 
0 to 1867. 

30, 60, 115, 503, 968, 
1939, 3900 AND 7830 Hz 1 

+ 27 . 

+ n 

♦ UUliiV 
7 0.057. 

25/sec 

10/sec 

(each filter) 


3. Huuseke epit m 

a. Elect tunics Package Temperature -8U f t to I5U'C 

b. Hoorn Al Temperature -HUT to I5UT 

c. tim?r Reset Indicator I sample/sec 
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TABLE Z 


REV £ 

from | to 


59 by 
59 94 


Thruster 


Mission Elapsed I Imp. (Secs! 
from | to ” J 


Veh-tcle Attitude! 


Data 

Acquired 
(Mins > 


I?, 9b? 
IH.683 
22,78/ 
3(3,900 
6b, ib a 
9?, 4 54 
113. IH? 
154,504 
If ‘1.05? 
20?, J 7 1 
313.450 
31 7.U84 


13,552 
10,903 
29,864 
60,060 
05,025 
109,781 
152,527 
1/0.063 
19 7,215 
279,577 
313,750 
506,268 


-ZLV, XI’OI’, 12 * 

OMS-4 Burn 

GO 

♦ZSI 

-ZSI 

GO 

-ZLV, XI'OI>, 12° 

-ZSI {IE CM* ) 

-XSI (I ECU*) 

+ZSI 

PTC 

-XSI 


‘ cuntaw^haUo^TO^to^wa^operatlng^ ,n,1UCeU 


10,0 

5.0 

28.167 

23.333 

40.0 

93.333 

I 1 10.0 

55.0 

47.0 
142.333 

5.0 
147.9 
677.066 
= ll.284lirs 


f Inscription of attitude terms: 


-ZtV, XPUP, 12 < 


roll = bay (-Z) to earth, X perpendicular to 

orbital p ane, 12° roll cants riyht winy 
out of velocity vector. * a 

GU = cavity gradient* approximately nose to 
earth, riyht winy into velocity vector 

isri . *- stable attitude is acltieved. 

+ZSI .* Bottom to sun 

-ZSI = lop (Caryo bay) to Sun 

-XSI = ta i I to Sun 

eK ' -isriiWi,; K;r" c "' ar •« m 


TABLE 3. - THRUSTER OPERATION 


FRONT RIGHT 
RIGHT RIGHT 
FRONT left 
front LEFT 
FRONT LEFT 
FRONT LEFT 
front LEFT 


_Start (WET )secs I StopfHET ). ecs I SuntfU 


274633.38 

274633.38 

274633.38 

274636.26 

274638.66 

274641.06 

274642.74 


_7)secs I StonfFli 


1 274646.26 

274642.74 
274634.34 

274636.74 
274639.14 
274641.54 
274646.26 


184.58 

184.58 

184.58 

187.46 

189.86 

192.26 

19-3.94 


197.46 

193.94 

185.54 

18 7.94 
190.34 
192.74 

19 7.46 
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(a) 804C temperature A452. 

Figure 3. - Electronics unit temperature (A452) with vehicle attitude and boom 
A-| temperature (A808) versus mission elapsed time. 





(b) 804C temperature T808 

Figure 3. - Concluded. 
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(a) Electron density. 



Figure 6. - Comparison of electron density and electron temperature (points 
with error bars) against International Reference Ionospheric model (solid 
line) versus time. 
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Figure 7. - Concluded. 
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SECONDS 


(d) Electrostatic spectra over low- and high-frequency ranges an d el ectron 
current versus time. Interval 23. — 
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(e) Electrostatic spectra over low- and high-frequency ranges and electron 
current versus time. Interval 24. 


Figure 8. - Continued, 
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(c) Dump Indicator and AN/N fitter outputs versus time and orbital position. 

Figure 9. - Continued. 
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(d) Electrostatic spectra before dump versus time. Interval 22 
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(e) Electrostatic spectra during dump versus time. 
Figure 9. - Concluded. 




